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(54) HIGH TOUGHNESS HEAT RESISTANT STEEL, AND MANUFACTURE OF TURBINE ROTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high toughness heat 
resistant steel excellent in creep rupture strength at high 
temperature as well as in tensile strength and toughness at relatively 
low temperature and suitable for use as a stock for a high- and low- 
pressure integrated type turbine rotor. 

SOLUTION: The steel has a composition consisting of, by weight 
ratio. 0.05 to 0.30% C, >0 to 0.20% Si, >0 to 1.0% Mn, 8.0 to 14.0% Cr, 
0.5 to 3.0% Mo, 0.10 to 0.50% V, 1.5 to 5.0% Ni, 0.01 to 0.50% Nb, 0.01 
to 0.08% N, 0.001 to 0.020% B, 0.1 to 2.0% Re, and the balance Fe with 
Inevitable impurities. A steel ingot for a tubine rotor element body is 
manufactured from the high toughness heat resistant steel with the 
above composition by using an electroslag remelting process. The 
turbine rotor element body is heated to 950 to 1,120° C, hardened, 
and then tempered at 550 to 740° C one or more times and formed 
into a turbine rotor. 
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h t {c , mm^ittc t>mzv\^muz-^^-t^ m23c e 

SffaiiB5c7):^fi!t7cmi: LXi!m^X-^J:7zMX'hi>t/^. 
8.0%*)1l<7)^P»-C(i±a<^^ft*i>'h$V>. 14. 

0%5-si.^fc, w&iiiiTf9')-y'mms.\,z-^m^j: 
0 -i4.o%i:-r«.. mtL<m.Q -13.0%, stcifi 

L<(i9.5 ~12.0%t:'J>|.. 

[ 0 0 2 4 ] M o \mmmt7mi5iiv^si^^<7^mm7t 
mtLXiUmx'hhifi. 0.5 %*}?ico^3n-e«s^os!>« 
*</h$v\ -^r, 3.0 %i:mthk. m^iiz^<i&T 

if). -3.0 »^t<{i0.7 

-2.5 %, HtCifi t<{i0.9 -2.0 %X'h^. 
[ 0 0 2 5 ] ^13. f*^-r-I.Wt>tJ«a'Pl«0#fflSr»-:> 
TtJO, WSr-85jD-ri.%^(c<i:Mo<7)i3sJna;$r<ST$-li: 
^iHma^hh. W$-^D-ri>*&s Mo<7)Ss!lDfi*>'0.1 

*vjs$<, -:^r, 2.0 %&fix.i.i:IS14&;^S<ffiT$ 

3ti6. Wi:i:tlc^>in-rSi©-^iOMofiO^D4Ji0.1 — 



2.0 %fri>, -1.5 %, WizMiLK 

liO.5 -1.2 

[0026] vimm^itmx/mmKpvmm^mi^m 
mz^^-r^, o.\o%a±cr,mamx'zix(:>cowmmii!, 
ma. ^ 'J -T^iz^t Lx-7)v^y^>{ h 
izvrtiiLmm^m\-thi}i. o.5o%^mti,tsyx^ 

46. -?-tfO^*"JI^0.10-O.50%fc-r'i.. »tL<{±0.10 
—0.40%. StC»*L<«i0.15-0.30%T'J>.g><, 
[ 0 0 2 7 ] N i {iMAixttfc j:?/«5ttS:::»c# < r6]±$ 
■\thbtht,zay:j:^>( hcT^VriH^mi-r^TiMX'h^ 

*^ 1.5 %5f^eDasjpT'{±-e<^m36*'h$>'V — 5. 

0 %&^xSfc^"J-7°ffi!ji^ffiT$-^l.7tii6, ^cr)# 
*»$:1.5 -5.0 %ft&. ntL<i±1.5 -4-0 %, 
mzntL<it2.0 -3.0 XX'tbh, 
[0028] NbfiCfcit/Nh^-^LTNb (C, 

tts^-r^ TcST'Sii. 3&^, o.oi%*}STii«f 

v^;t46J:a?<OS&Wf§'?>ix'5rV^. -^T. 0.50%^jaxS 
t *liI?§<Ofi±>Sr N b ( C , N ) L^-r < ^ 0 . 
®'tt^fJttSrlgT$-li:i.?t*t). -?-tfO#^r42r0.01— 0.50 
%fc-rS. »*t<«0.01-0.30%. MtcW*L<«0. 

03*^'b0.20%T$>?.. 

[0029] N{ig'ft,!|%$)-l>V->{i^g^fc;!i4j?:Jg^-rSC: 

N (iERg^-fttc t S^-r 0 . 0i%*}1lf « Z.f\.t^ay 
a«*^^#^>^^^v^, 0.08%5:^xl.i: . a-fk^tjS) 

^ktt {c:ffitt^tt*>'iST-rs ^tf>, -eo-^^-a^ 0. 

01-0.08%i:-r^o t<{i0.01— 0.06%. 
L<{i0.02-0.04%f«>'g., 

[0030] BiimMiComtsaxmffBn^<7>mtii^<^m 

mub^TiMxh^-/)^. 0.001 %*}fiT-{i^<7)^m*^'f#^> 

^i.=5rv\ 0.020 %Srli;t-l.i:|j91±&;'ctStcffiT$ 
Stc|»ia!lDXtt$:S^:p^46. -e«0-^**S:0.001 
-0.020 %i:-r^« »i^t<<i;0.003 -0.015 %. 
ifiL<{iO.0O5 —0.012 %-C$>.g.. 

[ 0 0 3 1 ] R e imm^ikjcmb tTi? u -rssBi^ 
mf^±iz^^-rhttij<,z. «affiffl^tct5{t'S.^«-^ 

0.1 %^m<^max'tizti^<mm*^n^n.^\\ 

-If. 2.0 %^ia;tl.tfgi±S:::*:1St;<ST§-t^S^^46. 
^(r>mamio.i -2.0 %i:-f-'l.. *?*L<{i0.1 -1. 
2 %T'*I>. 

[0032] WJiH^S^-ftTCfgfc itX^-fbil^JTC^i: LT 
^^^izmtath. 0.3 %*)1ff{ic:ii^>ois&m*«#<o 
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T^-^t^tinf). -e<7)-irir»s-o.3 -5.0 %b-ti>. 

L<(i0.5 ~3.0 %, 5gt«F^L<Jil.O -2.5 
[00 3 3] Coimm^itliZ^L. StC57x^>f 

■ri., 0.5 %^m<^mmx'i,tzni^c7)i^^tmi^ti-r. 

6.0 %^«i;cl.fcaDXttSra^ef^i^. ^co^^ 
fiS:0.5 --6.0 

[0035] MAii(i^-b'>D-^'S*tc@ixjt^jS 

*^950 •c*jS-c«iJf-;^x-f^ hitt^+i^X'ityk<mx 

tlif^-^mt^j:^. 1120°C2r«i;iSi::t-XT-^ 
-e^^Snf^aSS-gsO ~1120X:i:-rs. =5:^. n-rJ'fgf^t 
-:7°5SBr^-K*«S h ^ & 7t to. l03(K-1120'CcoS v ^Jd 

mtL\>\ tfz. xj-i$'mi^<^&Kmi,zi5\'^xii]tnm 
io3ox:o(Sv^irai»iaeiOT{cfcttsMAtT.tcJ:0. ^ft 

[00 36] ^Ui^J'-t'ya-^SfrSrBlfMcD^S 

ici^-r -s. >tto{c . 1 miiitn ozt t/^'jeim^fmrnx' 

h^tiK ^omias*-'55o 'c^mx'it^^tc^Lm 

i7)JP^fflJKS:550 ~740 'Cfth. tpH. u-SmW-CT) 

msmh^\'^\i^s.mzn'^-rhw>^(^zi5\^xii9'j- 
yim^ti^mwt^xhfzib. 630 —740 'cc7)sv^iajg 

^mm^^ttzm\i!,^^-\-^izm\\iL^^th^timt. t 

*3ft€.?l5S3SJgi:SM4*<*^i:^ri./cto. 550 -^30 x; 
*Uv^. mz. *»HJiO^-b'>'a-:^«OS8t:^r&to 

[0037] m^'S'-\:ymti-^\,zitm.^tih±m.m 

«7)^i^-^4t^-rv\ mz. mA^'&(^\^±.im'^x 
m^cr>7cmimuLx\^<t. $m.'¥'t-u<^mvx^^ifi 



[0038] =5:t5. *f&Bj{;^sfii5 itX^'-fcVn- 

[0039] 3mwmtmM<r)n\^^ . m-h. # 

fl*)^j:}i^i^ib^:iti:^^t^hMmmm.X'h 

[0040] v-^^ub-w^isiiJittisi^coasgtt, fa 
mz ^wmm.i t\-^-otz^\i.. ms, (20-0 tct>(t^ 

^Bjtc^ I, ^ is i t/:? - b> o - ^' cofltfeSWJSiaetc J: 

pi:'50%-50%{c^l.J:d^iaj^^*to, CIO 
iaS5:FATTi: LTV^S. fi!oT, FATT«Offi«i-'h§ V>:^r*^' 

[ 0 0 4 1 ] ^ u -Te5Bfisi^{±tti««c7):7 u -rasBf 

^m:iL^^ihh:itiBmh-t^mfAW^X'hh. ^ 
SfiBflSi^m (ISiiiaS. MSiJES:^!. «SBfB#S) ^5- 

<7)«agtcfctti.^'j-T?ii£i)T3ss (105 ^mmm^. 

[004 2] 

[0043] LTfflV^f^70^<^iS*;|c7)'fl:^ffl 
^$rllli5j;l/ll2lc^-r. ^i7)a*>, HKc^LJtll 
1 *>(i,M45{i::*:||Bjic^siSISttW??ft^O-f|;^« 

S 1 {iASTM-A470 CS^SiXl. C r M o V^, S 2 tiAS 
TM-A470 (cS^$ill> N i C r M o Vi!. S SMWJkVB 
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7F t Jt«^<7) 3 *> s 4 A- ^> s25int^mmi^^^mco 
[00441 zfii^<7mmti:50ksa)M?Em^immn, 

ti(7)AwizML. mnmm^mLfz. =5:^^. mmmst 

25tCOV^T(iia3tC5^-rHM 1 (1030rjCMx, 630°C 
^L) tL. JtS^JS l*-^>S3tCOV^T(i, -e^t-f 
ix-«WlctTi5ti.T V ^SI?!i«ia^-C'S> S 0 3 H 
S 1*^^>HS3 t Lf^. 

[00451 ^3 LXWi^itf;:AmmM.MX *)mki^^ 

jSiW^i^U-^-BSBJisKi^tcffit. ?l5ft3®^, 0.02%W 

nK). FATT, 590 °aci5tt§105 B$^5SBf3t 
SSr^i6:^c. -?-c0iS«$r^MWc:ov^-CJSIl4t;. it« 

tCffiffl$ixTV^^Sl*>^>S3 2rJtef-rS. 105 B^HSS 
BT3SJSJiS3*««t?S<. iJ:v^-CSl, S2iOJii#Tj> 

FATmS2*^'*i,{R<. yi:UT'S3, Slc7))li#T' 

i;^^, ?l5fi5S$lDJ;i/0.02%it:^(i:S3*-'«tS 
<, iXv^-cs2, s ic7)JiH#T'fc§, fi!-5T, c:ix^>co 

5«3SJgfc J: Vigtt*^'*^i> J . r s 2 «SH4i±^N^tc 

^^m^zmihhcocr)^ mmmLxmixxii\^^j:\^m 
[0047] mzz^wniz^i^^mix^hhrnmrn i 

J3 i y^O. 02%W^) t*5 V . HSI^JM 1 h M45{i V -yf 

ll)!i£MMl*^^>M45{iV^-riXt]t«?flajS2h|5l^C> 

^Sfe^JM 1 *>'^M45«C^-mi.Jt«^JS 1 $:±[ll^ffl2: 
^t. 3glCJti^JS3i:|Bl^cOfi2-jK-rtcOt$>^::i: 

^ . ttu'fc i i/iK 0 twfc V « , mtmm i 
^>M45(±it«t^js 1 *^^> s 3 ti,mmm<7)mi^Lxti 

[0048] ■r^j:h-h, :^^mz^h^m^mmni. 

±III-i.?l5fi3iiK*3j:Ufi!H4$rWL. ifz. CrMoV^ 
$r±III 012C r^tCiSSffi^T.;^^' "J-riiSllfg^«$-#t 



[ 0 0 4 9 ] ^jo. -fl:^m*^'*^BJc7)|EHtcAfe=5rV^ 
iBt'«>4Jt««?'JS43!)»^,S25lC*3V^-C{i. iJ 
tt, 'J -rKBr^S J; t iz^ixtzmU^iiM^^ti^j: 
^\ •t'^h-hSA. S5, S6. S7. S8. SIO, S 
13. S14. S16, S17, S18, S20, S22. S2Hi'?0 

-ymm^mtimK. S9, sii, si2, si5, sn. 

S19. S2K S23, S25{i^'t4*>'ffi<, S4. S16li?l 

mteo^izmm-th ztizxD. m.tLfz3\m&m. m 
it. i:^v-rmmi^m^miAmttzmsmmmm%i^ 
ti^ztt^mi^t^x'h^. 

[0050] ( mmm i ) 2 x-Mmzmmm 

m\.z-:>\-^xmm-h . mmh'i.x. ^%mz^hmm'&: 
mmmx:hhm\(r>mmmo'h. mi, m32, M42Sr 
fflv\ ^ix^ix\,zn\^xmi\iZ7fitWm<r>o%. hm 

l*>/i>HM10 (^Ite^J) t3j;t/HS4A^^HS7 {'AM. 

m) <nmmkm.x. ^wMh l/^. ^:ix\ hmi 

«±V'>-&l»i!Q!a^T-*>0, HS4*>^HS7J4*5|BJfc 

[ 0 0 5 1 ] ^ ^ LTtf ^>tl^ffi|s^j; iJlSgUtSrflJO 

tXi?'J-r5SBri*:^^fcC^V\ ?l563a$. 0.02%it 
■n. ^0, FATT, 590 'ClCfcft -1.105 ^^fiSffi^ 

[ 0 0 5 2 3 ^rfc, fftMa^ft^HM 1 ( losccmti., 
630 'C^D ici: D , *»BJtc<S.|.ialSttjBi«i^tcfc 

mz-z>\^xw<^h. 

[00 53] HM2{iHMl (1030*C^AiX. 630 "C^ 

ML) {.znL-X. 475 'acfctt-?. 2I5IS<7)j^ML$rJPi. 

*ij!fliaHM2tCi'3, fRI^Ml, M32. M42£7)V>-riXtC 

lDV^'Ct>o.(E%iW:#j36«::*:#<±#L. FATTisit/^ 'J- 

2lliaMMLJi?l5«^g[&±#$-tt-g.^m^»-7T 
feO, o-;J'3!m$rSSJSi-SISt:(±2IIIiOMMLSr^fo 

[00 541 HM3(iHMl (lOSO'C^tAiX, 630 'C^ 

ML) \.zn\^x. mxfvim.-^mffc\.zmr^^fz\^<r> 
x^hh, m^HmnmLtzm^timLx. mm 

HM3t:J:0, *WM1, M32. M42W»-rixtCfcV->T 

t> ^ ij -y'WM^mmT^h i,coco.^ mm ^ i tx 
o.02%ii5^:J3t^{5t^t'^'fb•^^:•r, fatt*«:^#< isr-rs 

Ztt^hf^l,. -ft^iy-h. mxri^950 ~1030°COiKv^ 
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[00 551 HM4{iHM 1 (1030*Cj%Aa, 630 'CM 
HMStCiO, «WM1. M32, UA2<r>\,yffli,Zi5\^X 

lit A. t'^^m-f. 9 u -Tmm.isMiM-th c 1 

hti-h. -t^hh. mixS:1030-1120rc7)«i,^JaMia 

[ 0 0 5 6 ] HM 5{iHM 1 (1030'CMAit, 630 'CM 
ML) l.znLX. M:RLiaSSr600-CtcffiT$-t*r3tto 

x'hh. mmnmi^mLtz^t^mi^x . 

HM5tJ;'?. «WM1, M32. M42^0V^■fi^fci3V^T 

#-ri,io«7). ?i5g5t$t5it/o.02%ifH:i3*i^#<±# 
-r-l>^i:*^';fo*>S. -r^*)*), MM L 5:550 -630 "CO 

[00 57] HM 6{iHM 1 (1030'CMAiX. 630 'CM 
ML) tcMLT, MMLaS$:660'Ct3±#Sl*:ittco 

HM6(CJ:0, *WM1. M32. M42<75 V>T 
t?l3S^$i3j:tf0.02%W:>3«±ffiTt--S twco, FATTti 

-r^i^-^, MM t ^630 —740 'CcOi«V^Sni?ifflS 
MHTSfrT C t {c J: 0 . «<££E-f^sSMM:5' - 1> o- 

[0058] HM 7{iHM 1 (lOSCCMA^t, 630 "CM 
Mt) tcwtr, MAixiaK^lOOO-CtciST^-e-, Hfc 

MMLfSS^eoO rtcffiT$-ti:/::tiOT'S)-5.. mkmw 

I^Ml. M32. M42cOV^-m{C:fcV->Tt>:?l'-rteBr3S 

mimint^±% < ±#t- ^ t ifiht^^ » -t^i^ 

*>, MAix2r950 ~1030''C<7)<av^iaseHT'SSL. Ht: 
MML5r550 -630 rcoffiv^Jn^jaSKHT-STrc: 1 1:: 

ttfiX'th. 

[0059] HM 8«iHM 1 ( 1030*CMAit, 630 'CM 
MMLiaSSr660 'C(;±#$-frf^tc7)T'S)-l>. SJiXaSH 

iMi:mLtL^bimLx, mmwus^zxy) ^ m 

WMl, M32, M42<7)V«-ftllC*3V>Tt5l5S^§t3J;t/ 
0.02%i}:>]{±ffiTt, FATT{S±#-ri)i>«OiO, 



AixSrl030'C— im-CcTiftV^aSICT-CMt. SfcMM 
L.S-630 -740 •COSV'>SaM^KH-CSrrc:i:tCJ: 

■thZtt^X'^h. 

[0 0 6 0] HM9{iHM7 (lOOO'CMAfl, 600 "CM 

ML-) tc*ftT. 475 'Ctrt3(t-I. 2[llg<7)MML5:JD;t 

/ittfof$>s. mmi\ui^mi'ti^t]mLx. 

m^M9\,Zi:^ ^ fRWMl. M32. M42c7)V^-m.{-J3 
\,^X h0.02%mW±^<±.^l-. FATTt3j:tA'i? U-r 

MAix 5:950 — 1030''C<Offiv^iaJSiiH-CJSL, MM 
L S: 550 -630 roffiv ^itgSftiaSSgHTlt L . jgtc 2 0 
BiOMML^Sfe-TifctciO. i«ffiflE-f*:®^:5'-b' 

fi3\^}M.}iw&imm-hzbtfiX'^h. 

[006 1 ] HMlOtiHMS (1070'CMAiX, 660 'CM 
mL) \,znLX. 475 °Ctc*3(t-S. 2l5lSOMML.2-Jni 

fzi><7)x-hh. mmmHMs^mLti^timi-x. 

mmummzX*). *tfMl. M32. M42£OV^-fiXt 

*jV^Ti0.02%W:^)*^'±#t. FATTi5j;tXi7 y-r®»f 

AiiS:1030— 1120'C6OlSv^iaJKIEHt'ML, MMtS:63 

0 — 740 'CO«V->Jp«iiaJS^HTitltJt*^. 2|llgcO 

[0062] *5|Bai:il.|.^-b'>'O-:J'c0l^ 

^>HS7S:S6L3tJ^. IRWMI, M32. M42cOV»-m 

ixJtiiC0{±^^>ii>5rv^, -T^ip^H S4 2:ML;t«^{i 
?l5S5i«. ^'y-r«|!cff5SjSEttlc«<, HS5 
J>^v>{i:H S 6 &5ftL/i:^{i^14i: ttcffiffii,® 
< , H S 7 2:life t^cJ*-^«±§l3g5SJKi: y -yim^& 

[0063] ^tT.4<^)S**»'o. 

i^^:^-t'yvi-:^c7)mm:fjm(^im^zmmi'^.zbiz 

<tO. iafi£E-#M^-b'>'n-;?ffli:L-C#iS=5:. <S 

[0064] (.mmms ) mmmsTtimiz^-^'ya 

fflv ^TS?jit-.S. ^TiSiBJ-r . 

[0065] mm^t Lxm\>^fc4mmcom,mco^t^m 
^imiiZTfrf-. ztit;,it-t^x:^^mz^h-^smm 
micoim.mm<^mxh d . ^mme i tijts^jv 1 1 

{5{?|SI-£0'(b^ffi^$:* I^Sfe^E 2 (iitl^^JV 2 i: 
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m^mmL. i2oo'"c{csiB^fcrvx^jt2r^TV\ looo 

^&^TV\ lOOOmm^xgOOmin cr,u—^U^^'f)Vi% 

[ 0 0 6 6 ] ^ 5 tTf#^>ix^cftsSff«0«egPMt/tc4' 
0.02%W;b. SSeO. FATT. 590 "Ctfcttl. 

105 ^^mmm^i^^fz. ^(r>m^^ms{zm't, 
[0067] mmm^ i m.u^2X'\i. mm^t '^■t" 
a5<7)?i3fi^^, o.o2%w^j, wif. m.'o. fatt. ^u- 
vim^mimmmxhh . jti^jviisiy^ 

V2-C{±. ^a5i:ttJ.t^gP<^5l5g3SS. 0.02%W3. :7 

y-r5SBT3SS(i{J{3r|iI^-CJ>-S.*>\ ^Ofi^J'D 
gPttJV ^T<gT L . FATT{i4"DgPtCJ3V->T±#-r -^Ml^ 

<maLtz%^. ^wnf<z\%hmm»m^m\^tz9 

§l5S3^iSs sit. lant. ^U-r«g|S^3fi«^cll*«'5:v^% 
[02] 
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